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LIQUID-COOLED GROUNDED HEATSINK 
FOR DODE RECTFER SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to U.S. Application 
60/957.251, filed Aug. 22, 2007, the entire content of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a liquid-cooled 
grounded heatsink diode rectifier system for generator exci 
tation applications. 
0003. A diode rectifier system may be used to convert 
alternating current (AC) to direct current (DC). In order to 
function properly, the heat generated by the diode rectifier 
system must be removed, for example to a heatsink. Current 
rectifier systems for generator excitation applications are 
known which include a plurality of coolant hoses, for 
example 20 or more, and a plurality of liquid-cooled heat 
sinks, for example, either 4 or 16. Numerous pieces of sol 
dered copper pipe, all of which may potentially form leaks at 
the connection points, are used to Supply the liquid coolant. 
Coolant, for example water, is circulated through the heat 
sinks that are operated at elevated voltages. The elevated 
Voltages require that the current rectifier systems use deion 
ized water, which is more corrosive than regular water and 
requires a special deionizing system to maintain the non 
conductive nature of the water. Moreover, the presence of 
elevated voltages on wetted surfaces drives ions from the 
wetted surface into the water, which increases the rate of 
corrosion. The current rectifiers thus require refurbishing, 
wherein the eroded or corroded parts are replaced with new 
parts. However, the refurbishing merely restores the rectifier 
to the previous condition and all of the weaknesses of the 
design are maintained, e.g., the opportunities for leaks and the 
erosion-corrosion effect. After operating for a period of time, 
the rectifier system will again develop leaks. 
0004. It has also been proposed to use air-cooled heatsinks 
instead of liquid-cooled heatsinks. The air-cooled heatsinks 
eliminate the leakage problem, but require numerous bulky 
heatsinks, high-pressure diode clamps, and an extensive elec 
trical isolation infrastructure. The resulting diode rectifier 
system is thus bulkier and more expensive than a liquid 
cooled diode rectifier system. 

BRIEF DESCRIPTION OF THE INVENTION 

0005 According to an embodiment of the invention, a 
diode rectifier system for generator excitation comprises a 
plurality of diode modules mounted on a heatsink; and a 
coolant tube provided in the heatsink. The heatsink is electri 
cally grounded. 
0006. According to another embodiment of the invention, 
a method of cooling a diode rectifier system for generator 
excitation is provided. The diode rectifier system comprises a 
plurality of diode modules mounted on a heatsink; and a 
coolant tube provided in the heatsink. The heatsink is electri 
cally grounded. The method comprises providing a flow of 
liquid coolant in the coolant tube; and electrically grounding 
the heatsink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a perspective view of a liquid-cooled diode 
rectifier system for generator excitation according to an 
embodiment of the invention; 
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0008 FIG. 2 is a perspective view of an isolated diode 
module usable in the diode rectifier system of FIG. 1; and 
0009 FIG. 3 is a perspective view of the liquid-cooled 
diode rectifier system for generator excitation according to an 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0010 Referring to FIG. 1, a liquid-cooled grounded heat 
sink diode rectifier system 2 for generator excitation includes 
a heatsink 4 and a coolant tube 6 configured to carry liquid 
coolant throughout the heatsink 4. The coolant tube 6 
includes a coolant inlet 8 and a coolant outlet 10. 
0011. The coolant tube 6 may be a single pre-formed stain 
less steel tube that is embedded into the heatsink 4. It should 
be appreciated, however, that other materials may be used for 
the coolant tube 6 and the heatsink 4. The heatsink 4 is 
configured to be large enough to hold, at least, six diode 
modules (FIG. 2) while only having the two coolant connec 
tions, the coolant inlet 8 and the coolant outlet 10. 
0012 Referring to FIG. 2, a diode module 12 includes a 
diode 14 and a diode clamp 16. The diode module 12 also 
includes an insulating layer 18. The internal insulating layer 
18 of the diode module 12 may be made of for example, 
alumina or aluminum nitride. The internal insulating layer 18 
keeps the diode 14 separated from the heatsink 4. 
0013 Referring to FIG. 3, the liquid-cooled grounded 
heatsink diode rectifier system 2 includes six diode modules 
12 mounted on the heatsink 4. A coolant inlet tube 22 is 
connected to the coolant inlet 8 of the coolant tube 6 that is 
embedded into the heatsink 4. The coolant inlet tube 22 deliv 
ers liquid coolant to the coolant tube 6. The coolant outlet 10 
of the coolant tube 6 is connected to a coolant outlet tube 24 
which removes the coolant from the diode rectifier system 2. 
0014. The six diode modules 12 are mounted on the heat 
sink 4 and the heatsink 4 is kept at ground potential. For 
example, the diode clamp, or bracket, 16 is grounded to 
maintain the heatsink 4 at ground potential. As shown in FIG. 
3, the diode rectifier system may also include fuses, coolant 
hoses, coolant valves, Snubbers for electrical transient Sup 
pression, and buswork for carrying current to and from the 
rest of the diode rectifier system. 
00.15 Maintaining the heatsink 4 at ground potential 
eliminates the ion driving process and reduces the rate of 
corrosion. Moreover, regular water may also be used instead 
of deionized water for further reductions in the corrosion rate. 
It should be appreciated, however, that deionized water may 
be used. For example, in the instance in which deionized 
water is the most conveniently available source of water that 
is temperature-regulated and monitored for adequate flow, the 
grounded nature of the heatsink and the use of for example, 
stainless steel and PTFE, will minimize the impact of the 
corrosive nature of the deionized water. 
0016. The reliability of the diode rectifier system may also 
be improved by using stainless steel and PTFE for wetted 
surfaces, instead of copper and carbon steel, both of which 
erode much more quickly in deionized water. Improvements 
in reliability may also be achieved by using standard NPT and 
JIC 37 pipe fittings instead of O-rings and other custom 
fittings. 
0017. The diode rectifier system increases the reliability of 
the system by reducing the number of plumbing connections 
and by reducing the erosion-corrosion phenomena that con 
tributed to leak formation in prior diode rectifier systems. The 
diode rectifier system 2 is also able to operate longer without 
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erosion-corrosion, and/or the leaks of prior diode rectifier 
systems. The diode rectifier system 2 is also a less expensive 
diode rectifier system than current systems and requires a 
Smaller number of hoses and heatsinks, thus reducing the 
expense of current liquid-cooled diode rectifier systems and 
air-cooled diode rectifier systems. 
0.018 While the invention has been described in connec 
tion with what is presently considered to be the most practical 
and preferred embodiment, it is to be understood that the 
invention is not to be limited to the disclosed embodiment, but 
on the contrary, is intended to cover various modifications and 
equivalent arrangements included within the spirit and scope 
of the appended claims. 

1. A diode rectifier system for generator excitation, com 
prising: 

a plurality of diode modules mounted on a heatsink; and 
a coolant tube provided in the heatsink, wherein the heat 

sink is electrically grounded. 
2. A diode rectifier system according to claim 1, wherein 

the coolant tube comprises a single pre-formed tube. 
3. A diode rectifier system according to claim 2, wherein 

the single pre-formed tube comprises a stainless steel tube. 
4. A diode rectifier system according to claim3, wherein an 

inner surface of the stainless steel tube is coated with PTFE. 
5. A diode rectifier system according to claim 1, wherein 

the coolant tube is embedded in the heatsink. 
6. A diode rectifier system according to claim 1, wherein 

the heatsink comprises a machined aluminum block. 
7. A diode rectifier system according to claim 1, wherein 

each diode module comprises a diode, a bracket, and an 
insulating layer between the diode and the heatsink. 

8. A diode rectifier system according to claim 7, wherein 
the heatsink is electrically grounded through the bracket. 
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9. A diode rectifier system according to claim 7, wherein 
the insulating layer comprises alumina or aluminum nitride or 
a combination thereof. 

10. A diode rectifier system according to claim 1, wherein 
the plurality of diode modules comprises at least six diode 
modules. 

11. A method of cooling a diode rectifier system for gen 
erator excitation, the diode rectifier system comprising a plu 
rality of diode modules mounted on a heatsink and a coolant 
tube provided in the heatsink, the method comprising: 

providing a flow of liquid coolant in the coolant tube; and 
electrically grounding the heatsink. 
12. A method according to claim 11, wherein the liquid 

coolant comprises water. 
13. A method according to claim 12, wherein the water 

comprises deionized water. 
14. A method according to claim 11, wherein electrically 

grounding the heatsink comprises insulating diodes of the 
diode modules from the heatsink. 

15. A method according to claim 14, wherein the diodes are 
insulated from the heatsink by alumina or aluminum nitride 
or a combination thereof. 

16. A method according to claim 11, wherein the coolant 
tube comprises a single pre-formed tube. 

17. A method according to claim 16, wherein the single 
pre-formed tube comprises a stainless steel tube. 

18. A method according to claim 17, wherein an inner 
surface of the stainless steel tube is coated with PTFE. 

19. A method according to claim 11, wherein the heatsink 
comprises a machined aluminum block. 

20. A method according to claim 11, wherein the plurality 
of diode modules comprises at least six diode modules. 

c c c c c 


